During an investigation of the Indian heterosporous fern Selaginella chrysocaulos, two novel C 28 spirostene monosides, chrysocauloside A and B were identified. Chrysocauloside A (1,3-dihydroxy-20S,22R-spirost-5-ene-1-yl -D-glucopyranoside) and chrysocauloside B (1,3-dihydroxy-20S,22R-spirost-5-ene-1-yl -D-galactopyranoside) are O-glycosylated at C-1 and each bear a methyl group at C-24 and C-25. Spectroscopic (NMR) and MS data for the new compounds are given and the taxonomic significance of the occurrence of spirostenes in the group of Lycophyta is discussed.
Steroids and triterpenoids constitute a large class of secondary metabolites found in all categories of organisms. The enormous structure diversification of triterpenoids, however, seems to be a key innovation confined to eudicots. Taxa more ancestral than eudicots, such as green algae, liverworts, mosses, hornworts, Lycophytes, Monilophytes, Cycads, Ginkgoales, Pinales, Gnetales, basal angiosperms such as Ceratophyllum, Amborella, Austrobaileyales, Chloranthaceae, monocots and Eumagnoliids are poor in triterpenoids in comparison with other sterols [2] .
For better understanding of the evolution of secondary compound chemistry and biochemical pathway evolution in land plants, the study of lycophytes is of crucial importance. The following contribution adds to our knowledge of steroid diversity in Selaginella.
Despite their fern-like, rather inconspicuous nature and the absence of flowers and fruits, Lycophytes exhibit a rather unexpected secondary compound diversity. The constitution of compounds 1 and 2 was determined by analysis of 1D 1 H and 2D HSQC, HMBC and DQF-COSY NMR experiments. Spectral assignment of proton and carbon NMR shift values are given in Table 1 . 1 and 2 turned out to be spirostene saponins bearing vicinal methyl groups at positions C-24 and C-25 of ring E, respectively. While the relative configuration of the steroidal moiety in the rings A-E could be determined by comparison with carbon NMR data of similar compounds [7] , the relative configuration at C-24 and C-25 remained unresolved as this structural motif has not been described yet, and no useful NOE correlations could be observed between protons of rings E and F.
Sterols as described in this publication are among the most ancient compounds present in eucaryotes and have even been found in some bacteria [8a] . Among green terrestrial plants sterols seem to be the most universially represented triterpenoids, whereas specific triterpenes other than hopanoids, as oleananes, have only rarely been found outside of angiosperms and their possible gymnospermous outgroups as the fossil Gigantopteridales and Benettitaleeans [8b].
Steroid diversity is slightly higher in leptosporangiate ferns than in other ancestral land plant groups including extant gymnosperms. Thus, it is even more surprising that the production of spirostanols has evolved in Selaginellales. Given the large phylogenetic gap between Selaginellales and the next spirostanol producing group, the monocots, it seems that the former have evolved the capacity to synthesize these sterols independently, but most probably earlier than angiosperms. This is the first report of spirostene steroidal saponins with methylation at C-24 from Selaginella. 
Extraction and isolation:
Air-dried and powdered plants (1.5 kg) were extracted with 5 L of ethanol. The ethanolic extract was concentrated, suspended in water and re-extracted with toluene, ethyl acetate and n-butanol. The ethyl acetate fraction was subjected to vacuum liquid chromatography using silica (gradient of chloroform in methanol). The fractions containing chrysocauloside A and B gave a positive Liebermann-Burchard reaction and Molish test, indicating them to be steroidal/triterpenoidal glycosides. Chrysocaulosides A and B exhibited homogenous spots on TLC using several chromatographic solvent mixtures.
Chrysocauloside A
Yield 12 mg (0.0008%).
[α] D : +35.4 (c 1.00, CHCl 3 ). Rf : 0.18 (n-hexane-ethyl acetate-MeOH, 50:50:2). IR (KBr): 3448 (hydroxy), 1062 (COC-linkage) cm -1 .
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